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FOREWORD 

This  report  contains  summary  information  on  ground-water  quality  in  one  of  the  50 
States,  Puerto  Rico,  the  Virgin  Islands,  or  the  Trust  Territories  of  the  Pacific  Islands, 
Saipan,  Guam,  and  American  Samoa.  The  material  is  extracted  from  the  manuscript 
of  the  1986  National  Water  Summary,  and  with  the  exception  of  the  illustrations, 
which  will  be  reproduced  in  multi-color  in  the  1986  National  Water  Summary,  the 
format  and  content  of  this  report  is  identical  to  the  State  ground-water-quality 
descriptions  to  be  published  in  the  1986  National  Water  Summary.  Release  of  this 
information  before  formal  publication  in  the  1986  National  Water  Summary 
permits  the  earliest  access  by  the  public. 
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Virgin  Islands 

Ground-Water  Quality 

The  ground-water  resources  of  the  U.S.  Virgin  Islands  are 
inadequate  to  meet  the  needs  of  the  100,000  inhabitants  (fig.  IB) 
of  the  three  major  islands  of  St.  Thomas,  St.  Croix,  and  St.  John. 
Perennial  streams  are  nonexistent;  aquifers  are  limited  in  areal  size 
and  provide  small  yields  to  wells.  Ground  water,  generally,  does 
not  meet  the  primary  and  secondary  drinking-water  standards 
established  by  the  U.S.  Environmental  Protection  Agency  (1986a,b). 

Ground  water  with  a  dissolved-solids  concentration  of  less 
than  1 ,000  mg/L  (milligrams  per  liter)  is  scarce  throughout  the  U.S. 
Virgin  Islands,  and  water  with  chloride  concentrations  as  large  as 
500  mg/L  is  generally  considered  potable  (Gomez-Gomez  and 
Heisel,  1980,  p.  U14).  In  addition,  large  concentrations  of  nitrogen 
and  widespread  contamination  by  fecal  coliform  and  fecal  strep- 
tococci bacteria  threaten  the  already  limited  ground-water  resources 
(Garcia  and  Canoy,  1985). 

The  principal  aquifers  of  the  Islands  supply  about  17  per- 
cent of  the  Islands'  water  supply.  Rooftop-rainfall  catchments  and 
desalination  of  seawater  supply  the  remaining  83  percent.  Ground- 
water withdrawals  from  aquifers  in  the  U.S.  Virgin  Islands  (fig. 
2A)  average  1.7  Mgal/d  (million  gallons  per  day)  (Torres-Sierra 
and  Dacosta,  1984;  Torres-Sierra,  1986,  p.  II);  however,  less  than 
10  percent  of  these  withdrawals  can  be  classified  as  freshwater 
(dissolved-solids  concentration  less  than  1,000  mg/L).  The  re- 
maining saline  ground-water  withdrawals  are  either  treated  with 
reverse-osmosis  desalination  units  or  used  for  toilets,  swimming 
pools,  laundry,  or  wash  water. 

In  spite  of  a  steadily  increasing  demand  for  water,  the 
geohydrology  of  the  islands  generally  remains  unstudied,  and  plans 
for  further  ground-water  development  are  uncertain.  Ground-water- 
quality  data  are  scarce,  and  there  are  no  active  ground-water-quality 
monitoring  networks  on  any  of  the  three  islands. 

WATER  QUALITY  IN  PRINCIPAL  AQUIFERS 

The  U.S.  Virgin  Islands  has  three  principal  aquifers— the 
Kingshill  aquifer,  the  volcanic  rock  aquifer,  and  the  coastal  em- 
bayment  aquifer  (fig.  2/4).  The  Kingshill  aquifer  on  St.  Croix 
provides  67  percent  of  the  total  ground-water  withdrawals  in  the 
U.S.  Virgin  Islands.  The  volcanic  rock  and  coastal  embay ment 
aquifers,  which  occur  on  all  three  of  the  islands,  represent  25  and 
8  percent  of  the  total  ground-water  withdrawals,  respectively. 

Ground-water  quality  is  affected  by  precipitation  which  con- 
tains large  concentrations  of  salt  derived  from  sea-spray-laden  air 
(Jordan  and  Cosner,  1973).  The  salt  concentration  in  ground  water 
is  increased  further  by  the  rapid  rate  of  evapotranspiration  (U.S. 
Geological  Survey,  1985,  p.  409).  Near  coastal  areas,  saltwater 
occurs  in  all  of  the  aquifers. 

Background  Water  Quality 

In  1984,  the  U.S.  Geological  Survey  conducted  a  recon- 
naissance of  selected  wells  throughout  the  U.S.  Virgin  Islands  to 
determine  the  ground-water  quality  in  the  three  principal  aquifers. 
Water  samples  from  wells  located  in  the  principal  aquifers  were 
analyzed  to  determine  the  physical,  chemical,  and  bacteriological 
characteristics.  Selected  water  samples  also  were  analyzed  for  prior- 
ity pollutants,  as  designated  by  the  U.S.  Environmental  Protection 
Agency  (epa). 

A  graphic  summary  of  selected  water-quality  variables  com- 
piled by  the  U.S.  Geological  Survey  is  presented  in  figure  2C.  The 
summary  is  based  on  dissolved-solids,  hardness  (as  calcium  car- 


bonate), nitrate  (as  nitrogen),  chloride,  and  sulfate  analyses  of  water 
samples  collected  from  1965  to  1985  from  the  principal  aquifers 
in  the  U.S.  Virgin  Islands.  Percentiles  of  these  variables  are  com- 
pared to  national  standards  that  specify  the  maximum  concentra- 
tion or  level  of  a  contaminant  in  drinking-water  supply  as  established 
by  the  U.S.  Environmental  Protection  Agency  ( 1986a, b).  The 
primary  maximum  contaminant  level  standards  are  health  related 
and  are  legally  enforceable.  The  secondary  maximum  contaminant 
level  standards  apply  to  esthetic  qualities  and  are  recommended 
guidelines.  The  primary  drinking-water  standards  include  a  max- 
imum concentration  of  10  mg/L  nitrate  (as  nitrogen),  and  the 
secondary  drinking-water  standards  include  maximum  concentra- 
tions of  500  mg/L  dissolved  solids,  250  mg/L  chloride,  and  250 
mg/L  sulfate. 

Kingshill  Aquifer 

The  Kingshill  aquifer  is  the  most  productive  and  extensively 
developed  aquifer  in  the  U.S.  Virgin  Islands.  The  aquifer,  which 
underlies  approximately  25  square  miles  of  central  Saint  Croix  (U.S. 
Geological  Survey,  1985,  p.  410)  is  composed  primarily  of 
calcareous  sediments.  Along  the  coast  and  within  the  drainage 
basins,  the  aquifer  is  overlain  with  alluvium.  The  Kingshill  aquifer 
is  unconfined  and  contains  a  lens  of  relatively  freshwater  that 
overlies  saline  water  (Robison,  1972). 

Water  from  the  Kingshill  aquifer  exceeds  the  secondary 
drinking-water  standards  for  dissolved  solids  and  chloride  (fig.  2C), 
with  median  concentrations  of  1,440  mg/L  and  560  mg/L,  re- 
spectively. A  maximum  chloride  concentration  of  2,200  mg/L  has 
been  reported  for  connate  water  within  the  Kingshill  marl.  The  me- 
dian nitrate  (as  nitrogen)  concentration,  8.3  mg/L,  does  not  exceed 
the  primary  drinking-water  standard;  however,  nitrate  (as  nitrogen) 
concentrations  as  large  as  16  mg/L  have  been  reported. 

Volcanic  Rock  Aquifer 

The  volcanic  rock  aquifer,  which  is  present  on  each  of  the 
islands  (fig.  2/1),  is  used  almost  exclusively  for  domestic  supply, 
except  on  St.  John,  where  the  aquifer  is  used  to  supplement  the 
public  supply  of  desalinated  water  that  is  barged  from  Saint  Thomas 
(U.S.  Geological  Survey,  1985,  p.  410).  The  aquifer,  which  is  com- 
posed of  lava  flows,  fluvial  tuffs,  and  breccias,  is  under  confined 
to  semiconfined  conditions  in  fractures  or  in  the  weathered- rock 
mantle. 

Although  water  from  the  volcanic  rock  aquifer  is  very  hard 
(more  than  180  mg/L  as  calcium  carbonate),  the  water  contains  con- 
siderably smaller  concentrations  of  dissolved  solids,  chloride,  and 
sulfate  than  water  from  either  the  Kingshill  or  coastal  embayment 
aquifers  (fig.  2C).  The  median  concentration  of  2.7  mg/L  nitrate 
(as  nitrogen)  is  less  than  the  primary  drinking-water  standard. 

Coastal  Embayment  Aquifer 

The  coastal  embayment  aquifer,  which  is  present  on  each 
of  the  islands  (fig.  2A).  consists  of  relatively  thick  deposits  of  un- 
consolidated .sediments  overlying  weathered  and  fractured  volcanic 
rocks  (U.S.  Geological  Survey,  1985,  p.  410).  Although  wells 
drilled  in  the  unconsolidated  sediments  can  yield  more  than  50 
gallons  per  minute,  the  water  is  generally  saline. 

Median  concentrations  of  dissolved  solids  and  chloride  arc 
2,150  mg/L  and  261  mg/L,  respectively.  The  median  conccntra- 


tion  of  nitrate  (as  nitrogen)  is  0.2  mg/L.  This  is  the  smallest  me- 
dian nitrate  concentration  for  the  three  aquifers. 

Recent  investigations  by  the  U.S.  Geological  Survey  in  two 
of  the  coastal  embay ment  aquifers  on  St.  Thomas  indicate  that 
development  of  freshwater  supplies  may  be  possible  (Fernando 
Gomez-Gomez,  U.S.  Geological  Survey,  written  commun.,  1986). 

Effects  of  Land  Use  on  Water  Quality 

Ground-water  quality  has  deteriorated  in  all  three  principal 
aquifers  of  the  U.S.  Virgin  Islands,  principally  from  excessive 
ground-water  withdrawals,  septic-tank  drainage,  and  infiltration 
from  stream  courses  conveying  sewage-treatment-piant  discharges 
or  septic-tank  overflows. 

During  the  ground-water-quality  reconnaissance  in  the  islands 
in  July  1984,  water  samples  from  several  wells  were  analyzed  to 
determine  the  presence  of  contamination  by  volatile  organic 
chemicals  and  pesticides  (Garcia  and  Canoy.  1985).  In  all  the 
samples,  concentrations  of  these  constituents  were  less  than 
minimum  detection  levels. 

A  report  on  1983  ground-water  conditions  in  the  U.S.  Virgin 
Islands  (Geraghty  and  Miller,  Inc.,  1983)  discusses  degradation  of 
ground-water  quality,  principally  for  the  Kingshill  aquifer  on  St. 
Croix  and  the  volcanic  rock  aquifer  on  St.  Thomas.  The  report  in- 
dicates that  many  wells  in  the  Kingshill  aquifer  contained  an  ac- 
cumulation of  lubricating  oil  from  malfunctioning  lubricating 
systems  on  well  pumps.  In  several  wells,  as  much  as  8  feet  of  oil. 
floating  on  top  of  the  water,  was  measured.  The  report  also  indicated 
that  pentane  was  detected  in  water  samples  withdrawn  from  public 
water-supply  wells  in  the  Barren  Spot  well  field  in  southern  St.  Croix 
(fig.  2/4).  Barium  concentrations  as  large  as  1.83  mg/L  were  also 
detected  in  some  of  the  wells;  the  primary  drinking-water  standard 
for  barium  is  1  mg/L.  It  is  not  known  if  the  contaminating  source 
of  the  barium  and  the  pentane  is  the  same. 

Volatile  organic  chemicals  were  reported  at  a  water-supply 
well  at  a  Tutu  housing  project  on  St.  Thomas  (Geraghty  and  Miller, 
Inc.,  1983).  In  addition,  dichloroethylene,  trichloroethylene,  and 
tetrachloroethylene  were  detected  by  a  private  laboratory  in  three 
other  wells  on  St.  Thomas  in  concentrations  of  12,  10,  and  5.5  /ig/L 
^micrograms  per  liter),  respectively. 

Ground-water  contamination  has  not  been  detected  at  the  one 
Resource  Conservation  and  Recovery  Act  (rcra)  site  on  St.  Croix 
(fig.  3),  nor  at  any  of  the  municipal  landfills  on  the  three  islands 
(fig.  3).  There  arc  no  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  of  1980  (cercla)  sites  on  any  of 
the  three  islands  (U.S.  Environmental  Protection  Agency,  1986c). 

Ground-Water  Withdrawals 

Excessive  ground-water  withdrawals  from  the  Kingshill 
aquifer  on  St.  Croix  have  caused  saltwater  upconing  and  encroach- 
ment. Several  investigations  of  the  Kingskill  aquifer  (Ccderstrom. 
1950;  Buros,  1976;  Geraghty  and  Miller.  Inc.,  1983)  have  shown 
a  correlation  between  pumping  rate  and  chloride  concentrations; 
however,  such  a  correlation  for  wells  in  the  coastal  embayment 
aquifer  or  volcanic  rock  aquifer  has  not  been  documented.  It  is 
possible  that  the  saltwater-yielding  wells  in  the  volcanic  rock  and 
coastal  embayment  aquifers  are  screened  on  the  saltwater  side  of 
the  freshwater-saltwater  interface  and,  therefore,  have  not  actually 
experienced  saltwater  encroachment. 

Septic-Tank  Drainage  and  Sewage  Effluent 

Wells  throughout  the  U.S.  Virgin  Islands  have  been  con- 
taminated by  septic-tank  drain  fields,  leaky  sewer  lines,  and  sewage 
infiltration  from  sewage-treatment  plant  discharges  to  stream  courses 
(fig.  3).  Nitrate  (as  nitrogen)  concentrations  commonly  exceed  5 


mg/L,  and  fecal  coliform  and  fecal  streptococci  bacteria  have  been 
detected  in  most  wells  (Garcia  and  Canoy,  1985).  Fecal  .streptococci 
bacteria  concentrations  were  as  large  as  5,800  colonies/ 100  mL 
(milliliters)  in  a  raw  water  from  a  well  in  the  volcanic  rock  aquifer 
on  St.  Croix.  In  comparison,  the  Kingshill  aquifer  in  St.  Croix  had 
the  smallest  concentrations  of  fecal  coliform  and  fecal  streptococci 
bacteria. 

Contamination  of  wells  and  aquifers  frequently  occurs 
through  the  annular  space  between  the  well  casing  and  the  soil  and 
rock  materials  of  operating  or  abandoned  wells.  Substandard  well- 
construction  practices  and  deterioration  of  casings  have  apparently 
exposed  some  wells  and  the  associated  aquifers  to  contamination. 
In  addition,  the  soil  zone,  usually  less  than  2  feet  thick,  is  incapable 
of  adequately  filtering  septic  wastes  and  surface  contamination  and 
thus  provides  easy  access  to  the  aquifer  through  open  joints  or 
fractures. 

Potential  for  Water-Quality  Changes 

The  continued  use  of  aquifers  as  a  water  supply  in  the  U.S. 
Virgin  Islands  is  in  jeopardy.  The  aquifers  are  being  contaminated 
by  sewage  wastes,  and  saltwater  encroachment  is  threatening  the 
already  limited,  fresh  ground-water  resources. 

Population  increases  have  spurred  housing  developments  in 
the  headwaters  of  streams  and  in  areas  of  ground-water  recharge. 
In  1977,  the  Virgin  Islands  Planning  Office  estimated  a  population 
of  156,000  by  the  year  2000  (Peebles,  and  others,  1979.  p.  17). 
Approximately  one-half  of  the  population  of  the  U.S.  Virgin  Islands 
uses  septic  tanks,  the  effluent  of  which  is  often  inadequately  filtered 
because  of  a  thin  soil  cover.  In  areas  where  soil  and  surface  condi- 
tions are  effective  in  filtering  the  sewage  wastes,  the  density  of  septic 
systems  often  results  in  overloading  the  filtration  capacity  of  the 
subsoil  (Jordan  and  Cosner,  1973,  p.  53).  In  the  volcanic  rock 
aquifer,  open  joints  and  fractures  can  promote  widespread  con- 
tamination of  the  aquifer. 

Frequent  breakdowns  and  overloads  of  sewage-treatment 
plants  at  many  of  the  larger  housing  developments  increase  the 
chances  of  bacterial  pollution  in  the  aquifers.  The  treatment  plants 
(and  polishing  ponds),  which  are  intended  to  decrease  the  density 
of  the  septic-tank  systems,  are  designed  to  eliminate  most  of  the 
bacteria  from  the  effluent.  However,  inadequate  sewage  treatment 
or  plant  overload  generally  is  relieved  by  discharging  effluent  to 
dry  stream  channels.  Discharging  effluent  into  the  stream  channels, 
which  are  major  ground-water-recharge  areas,  increases  the  potential 
for  sewage  effluent  to  contaminate  the  aquifers. 

Saltwater  contamination  will  also  continue  to  threaten  fresh 
ground-water  supplies  as  long  as  wells  continue  to  be  improperly 
con.structed.  Continued  overpumping  of  the  aquifers  will  cause  the 
freshwater-saltwater  interface  to  move  landward,  thereby  increas- 
ing the  chances  for  further  saltwater  intrusion  into  the  aquifers. 
Wells  can  be  drilled  in  areas  and  at  depths  to  take  full  advantage 
of  the  available  freshwater,  while  not  initiating  saltwater  migra- 
tion. Controlled  pumping,  scavenger-wells,  and  barrier  systems 
might  be  the  most  efficient  freshwater-development  strategy  for  the 
islands. 

GROUND-WATER-QUALITY  MANAGEMENT 

The  Department  of  Conservation  and  Cultural  Affairs  (ix"Ca) 
is  charged  with  administering  and  enforcing  most  laws  related  to 
water  resources  and  water  pollution  in  the  U.S.  Virgin  Islands.  The 
DCCA  develops  standards  for  public  water-supply  .systems;  plans  for 
emergency  water  supplies;  controls  well-construction  permits;  issues 
water-appropriation  permits  for  all  ground-water  withdrawals 
greater  than  500  gallons  per  day;  and  designs  and  constructs 
wastewater-treatment  facilities.  Also,  the  epa  has  delegated  to  the 
liccA  the  responsibility  of  implementing  and  enforcing  the  Safe 


Drinking  Water  Act  of  1974,  the  Pesticide  Control  Act,  and  the 
Clean  Water  Act  of  1977. 

Other  U.S.  Virgin  Islands  agencies  involved  in  the  manage- 
ment of  the  water  resources  are  the  Public  Works  Department,  the 
Water  and  Power  Authority,  the  Virgin  Islands  Planning  Office, 
and  the  Health  Department.  Under  Title  30,  Section  51,  of  the  Virgin 
Islands  Code,  the  Commissioner  of  Public  Works  is  designated  to 
supervise  and  control  the  construction,  repair,  maintenance,  opera- 
tion, and  administration  of  the  public-water  system.  The  Virgin 
Islands  Water  and  Power  Authority  is  responsible  for  the  produc- 
tion and  distribution  of  electrical  energy  and  for  the  production  of 
potable  water  from  seawater  desalination  systems.  Water- 
management  planning  is  within  the  charter  of  the  U.S.  Virgin  Islands 
Planning  Office,  but  the  dcca  is  active  in  planning  as  well.  The 
Department  of  Health  analyzes  the  bacteriological  and  chemical  con- 
tent of  private  cisterns  and  wells. 

The  EPA  has  not  delegated  to  the  U.S. Virgin  Islands  govern- 
ment the  management  and  implementation  of  several  laws 
concerning  ground-water  quality.  The  epa  is  responsible  for  en- 
forcing the  RCRA,  which  regulates  the  management  of  solid  and  li- 
quid hazardous  wastes.  There  is  at  present  only  one  rcra  site  in 
the  Virgin  Islands  on  St.  Croix  (fig.  3).  Presently,  little  has  been 
done  in  water  programs  in  the  Virgin  Islands  regarding  toxics  iden- 
tification under  the  Toxic  Materials  Act.  There  are  no  known  prob- 
lems with  respect  to  industrial  discharges  to  public  sewage-treatment 
plants,  and  there  are  very  few  sources  that  would  be  expected  to 
pose  problems  with  respect  to  toxic-substances  discharge  (U.S.  En- 
vironmental Protection  Agency,  1979,  p.  59). 

The  continued  use  of  ground  water  as  a  drinking-water  supply 
in  the  U.S.  Virgin  Islands  will  require  a  concerted  effort  to:  (1) 
develop  freshwater  while  minimizing  disturbance  to  the  freshwater- 
saltwater  interface,  and  (2)  reduce  the  potential  for  sewage  infiltra- 
tion to  aquifers  from  septic  tanks  and  sewage-treatment  plant 
discharges. 
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Figure  1.  Selected  geographic  features  and  1985  population  distribu- 
tion in  the  U.S.  Virgin  Islands.  Selected  cities  and  population  distribu- 
tion, 1985;  number  in  parentheses  is  total  by  island,(Source:  Virgin  Islands 
Office  of  Policy  Planning  Research,  1987.) 
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Figure  2.  Principal  aquifers  and  relatea  water-quality  data  in  U.S.  Virgin  Islands.  A.  Principal  aquifers  B,  Generalized  hydrogeologic  section  C  Selected 
water-quality  constituents  and  properties,  1965  to  1985.  (Sources:^,  Modified  from  Donnelly,  1960;  Cederstrom,  1950  B  Robison  1972  C  Analvses'compiled 
from  U.S.  Geoloqical  Survey  files;  national  drinking-water  standards  from  U.S.  Environmental  Protection  Agency,  1986a, b.) 
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Figure  3.  Selected  waste  sites  and  ground-water-quality  information 
in  the  U.S.  Virgin  Islands.  Resource  Conservation  and  Recovery  Act 
(RCRA)  sites  as  of  1986;  distribution  of  wells  that  yield  contaminated  water, 
as  of  1986;  municipal  landfills,  as  of  1986.  ISources:  Waste  sites,  L  J  Liv- 
ingston, US-  Environmental  Protection  Agency,  written  commun.,  1986. 
Ground-water  quality  sites,  Fernando  Gomez-Gomez,  U.S.  Geological 
Survey,  written  commun,,  1986.  Landfill  sites,  Fernando  Gomez-Gomez, 
1980  ) 


